In Vietnam, the rapid expansion of cities is exceeding the supply capacity for water and electricity, and restrictions on water supply and blackouts occur on a daily basis. In this study, the authors examined whether water-saving equipment could solve these problems. This paper focused on toilet bowls that consumed a large amount of water, and on showers for which heat consumption was high. In Vietnam, the main heat source for showers is the electric water heater, typically having a power consumption of 2500-4500 W. Although the current diffusion rate of such water heaters is just 13%, their use will spread widely in the future. These heaters have already placed a peak load on electricity consumption in winter when a large amount of energy is consumed for heating water, and they will become a significant factor in blackout risks as their use becomes commonplace nationwide. It is clear that the introduction of water-saving showers will allow not only a more efficient use of water resources, but will also mitigate against the risk of blackouts.
Introduction
The United Nations' proposed "Millennium Sustainable Development Goals" will set the future direction for global sustainable development. The target year for the Millennium Development Goals, 2015, is already here and discussions with respect to deciding upon the content of the next goals have started. Addressing water problems is considered to be one of the most important tasks to ensure sustainable development. Advanced nations have been carrying out research related to city water consumption and associated CO2 emissions [1] [2] [3] .
The authors have also started discussing the nature of future goals by recognizing the role of water, based on its relation with energy [4] . The authors have shown that the creation of a water-saving society is one viable solution for sustainable development by using Japan and Vietnam as an example [5] [6] [7] . The results show that the spread of water-saving equipment could reduce CO2 emissions in Japan by 1% in 2020 (compared to CO2 emissions in 1990). For Vietnam, calculations show that total national emissions could be reduced by 8%.
The authors also reported that the rapid expansion of cities has exceeded the supply capacity of water in Vietnam, and to prevent restrictions on water supplies, detached houses have elevated storage tanks installed [7] . The power consumption for storing water in elevated tanks accounts for 3% of the total power consumption in Vietnamese houses. Our research showed that the main energy source for Vietnamese homes was electricity, and people used electricity to power shower water heaters.
However, as shown in Figure 1 , the demand on the power supply exceeds supply capacity, and blackouts frequently occur. In addition, although it is said that the power supply will become stable in 2016 as a result of the development of new power sources, this estimate is based on the assumption that all power generation facilities operate stably, and the surplus ratio of power supply will be low [8] . Therefore, the authors have evaluated the contribution of water saving to a stable power supply. This study demonstrates the effects of water saving by examining the impact of city water consumption on the peak load of electricity. 
Analysis
The authors evaluated water usage in houses in Vietnam on the basis of power consumption. The evaluation targets were toilets and showers. Water usage models and the evaluation coefficient were mentioned in a previous paper [7] . The toilet usage model used in the evaluation was 2.1 full flushes/person/day, and 4.8 half flushes/person/day. The shower usage model was 1.05 showers/person/day, 8.9 min/per shower, and the shower water temperature was 36.3 °C. The number of times a toilet was used, the number of times a shower was used, and the time for that purpose were not different from the research results for Japan [9] [10] [11] . The performance of current toilet bowls was 6.0 L/full flush and 5.0 L/half flush, and that of water-saving toilet bowls was 4.8 L/ full flush and 3.0 L/half flush. The flow rate of current showerheads was 10 L/min, and that of water-saving showerheads was 6.5 L/min. For the energy consumption rate of water, the values in Table 1 were used [7] . 
Results and Discussion
The coverage of the waterworks system in Vietnam is 22% and that of the sewerage system is 18%. Most urban areas, such as Hanoi and Ho Chi Minh City, are served by waterworks and sewerage systems, and houses in the area are equipped with flush toilets and showers [7] . According to the water infrastructure plan of the Vietnamese government, the country aims to provide 90% of urban areas with waterworks system access, and 50% to 70% of rural areas in 2015, and by 2025 provide a 24-h water supply service for 100% of the country. Under the plan, rapid development is expected [12] .
In this study, we evaluate the environmental contribution potential by calculating the carbon crediting scheme [7] . In the crediting scheme, the credit amount is evaluated as the difference between emissions following implementation of a low-carbon project and a near-future baseline. A conceptual diagram is shown in Figure 2 . The near-future baseline (the Business as Usual, or BaU line) is a forecast that assumes that the water infrastructure will spread throughout the whole country.
The evaluation scope was set as the same as the previous studies, covering overall water infrastructure from waterworks systems, plumbing systems, and sewer systems [5] [6] [7] .
Effect of Water Saving on Power Supply
Based on the development of water infrastructure, assuming a society in which the current most common flush toilet bowls and showers in Vietnam are used in all houses as a baseline (the Business as Usual, or BaU line), the authors evaluated the reduction potential at the time when a water-saving project is implemented. With respect to showers, the authors assumed that the electric water heaters currently used would be adopted widely. Table 2 shows the performance of these electric water heaters. According to research in Hanoi and Ho Chi Minh City, the average preferred shower temperature is 36 °C in both cities [7] . The authors calculated the electric power load generated when showers were taken, according to the energy required to heat the water in both cities to the desired shower water temperature, as shown in Figure 3 . It was assumed that the energy efficiency of the water heaters was 80%, the same as that of the gas water heaters usually used in Japan [13] , and we calculated the water preservation and electricity consumption reduction potential that would be achieved by the spread of water-saving equipment (Figure 4 ). For the current water heater diffusion rate, the authors used 13%, found by weighted average with the population in urban areas and the population in rural areas, based on Table 3 [8]. According to the authors' research, not only Vietnam, but also China, Indonesia, Malaysia, and other countries using 200 V or higher electric power, commonly use electric water heaters for hot water supply. As electric heaters become more popular, electricity consumption deriving from water usage will increase five-fold compared to the current consumption in Vietnam. If the use of water-saving showers can be made more widespread, the increase in electricity consumption can be reduced by 21%, as shown in Figure  4 . In this figure, the water-preservation potential of the water-saving project is also shown.
When implementing a water-saving project, the system through which high performance equipment spreads is important. For a shower, it is important to attain both basic quality, including safety and comfort, as well as water-saving performance. The creation of a water-saving equipment certification system is progressing under a water-saving Joint Crediting Mechanism (JCM) project.
Effect of Water Saving on Peak Load of Electricity Consumption
In Vietnam, the rapid development of cities has caused frequent blackouts. In the summertime of 2010, in big cities such as Hanoi and Ho Chi Minh City, blackouts occurred for 48 h per week [12] . A blackout occurs when the peak of electricity consumption exceeds the supply capacity. Based on this, the authors extracted the electricity consumption conditions in Vietnam by season, as shown in Figure 5 . Additionally, Table 4 shows the electricity consumption of domestic electrical appliances that are widely used in Vietnam. As can be seen from Table 4 , the electricity consumption of electric water heaters is extremely high compared to other electrical appliances. Additionally, research into water usage in Vietnam, for which an outline has already been reported [6] , showed that people in Vietnam took a shower once a day after getting home at around 6:00 P.M. Although the diffusion rate of electric water heaters for showers is 13%, the authors can see how electric water heaters affect electricity consumption as the electricity consumption peak appears around 6:00 P.M. in winter.
The effect of electrical appliances on blackouts usually comes to the fore in summer when the load of air-conditioners in the daytime. However, the electricity consumption peak in the daytime in summer supposedly arising from air-conditioners is almost the same as that in the evening in winter arising from electric water heaters. Therefore, we have to pay attention to the effect of electric water heaters, which, hitherto, had not been considered much as a cause of blackouts.
Concerning the reduction in the load of air-conditioners, a project that promotes the diffusion of highly effective inverter air-conditioners using the Japanese Joint Crediting Mechanism scheme has started. To reduce the power load of electric water heaters, a change of heat sources, such as a utilization of solar heaters, and a reduction of heat consumption by water saving can be considered as viable measures.
To promote the use of solar heaters, a trial project has started in Vietnam. However, a solar heater requires the installation of a large water tank on the roof of a house, and the installation of such a facility requires reinforcement of the roof. Therefore, in practice, a tank can be installed on only a newly built residential building. In addition, as the unit cost of a solar heater is high, the availability of solar heaters has not been promoted. Additionally, as the unit cost of a propane gas tank is high, gas water heaters have not become popular. Therefore, the authors consider that electricity will remain the main source of power for water heaters, and to reduce the peak electricity consumption load arising from showers, the introduction of water-saving showers would have an immediate effect.
Conclusions
The Japanese government uses environmental technology and products and actively promotes Green Growth in order to lead developing countries towards becoming low-carbon societies faster. The Joint Crediting Mechanism scheme, under which CO2 reductions in developing countries are converted into a monetary value, which the Japanese government purchases to offset the CO2 emissions of Japan by the application of Japanese technology and products, is a support project for developing nations. The authors have evaluated the potential reduction in CO2 emissions by water-saving equipment in Japan, China, and Vietnam, and concluded that they will prove effective in the prevention of global warming. As a result, in Vietnam, a CO2 reduction project is appearing in concrete form.
In this research, the authors evaluated the effect of water saving on offsetting the shortage in electricity supply, which is a serious problem in Vietnam and other developing countries. The authors found that in the ASEAN area, in countries, such as Vietnam, many people used electricity for heating shower water, and that this constituted an electricity consumption peak load. Also the authors clarified that the future diffusion of electric water heaters will increase the risk of blackouts. Now, plans are underway for a large-scale water-saving JCM project in Vietnam. The electricity peak-load mitigation effect by water-saving shower diffusion will be demonstrated through this project.
